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(54) TORQUE CONTROL METHOD FOR COMPRESSOR, AND ITS DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the sound and 
vibration of a compressor, and sharply sup press the drop of 
the general efficiency of the compressor by controlling the 
current or voltage given to a motor by means of an inverter, 
and driving a compressor for a rotary system of air 
conditioner by means of this motor. 

SOLUTION: Three-phase AC power to convert a DC power 
is supplied to a DC motor 2 from an inverter circuit 1. A 
microcomputer 8 operates processing of the rotational speed 
and the speed ripple of a motor and performs ripple control, 
receiving the input of the positional signal of a rotor 2a that 
a zero* cross comparator 7 detects and outputs the 
integrated signal from the differential voltage VNM 
between the stator winding of the motor 2 and the resistor, 
and a speed command and a speed change command. The 
microcomputer calculates the amplitude of compensating 
voltage, and adds it to the average voltage amplitude and 
outputs it as an inverter voltage, and further, it supplies a 
switch command to the inverter circuit 1 through a base drive circuit 9. Consequently, the 
control to maximize the efficiency, keeping it on a vibration level without hindrance, without 
performing the reduction of the speed change more than necessary can be realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The current or electrical potential difference given to a motor (2) with an inverter (1) is controlled. 
The current or electrical potential difference which is the approach of driving a compressor (3) by this motor 
(2), and is given to a motor (2) The torque control approach of the compressor according to claim 1 
controlled to become within the limits of the biggest possible value within limits from which it becomes the 
range which controls decline in effectiveness below to a predetermined value, and the rotational-speed 
fluctuation under main shaft 1 rotation of a compressor (3) does not become a sound, and vibration does not 
become a problem practically. 

[Claim 2] The torque control approach of the compressor according to claim 1 which controls the current or 
electrical potential difference given to a motor (2) so that decline in effectiveness becomes min. 
[Claim 3] A compressor (3) is the torque control approach of the compressor according to claim 1 or 2 
which is a 1 -cylinder compressor (3). 

[Claim 4] The current or electrical potential difference given to a motor (2) with an inverter (1) is controlled. 
The current or electrical potential difference which is equipment which drives a compressor (3) by this 
motor (2), and is given to a motor (2) Torque control equipment of the compressor characterized by 
including a torque control means (4) to control to become within the limits of the value biggest [ that decline 
in effectiveness should be controlled below to a predetermined value ] possible within limits from which the 
rotational-speed fluctuation under main shaft 1 rotation of a compressor (3) does not become a sound, and 
vibration does not become a problem practically. 

[Claim 5] Proportionality and an integration operator means for a torque control means (4) to consider 
deflection of a detection rate and a rate command as an input, and to perform proportionality and an 
integration operator (87), A compensation model operation means to calculate the amount of compensation 
corresponding to this based on the model which expresses the predetermined harmonic component of 
compression torque by considering deflection of a detection rate and a rate command as an input (86), 
Torque control equipment of a compressor including an addition means (88) to add the output from 
proportionality and an integration operator means (87), and the output from a compensation model operation 
means (86), and to output an electrical-potential-difference command according to claim 4. 
[Claim 6] A torque control means (4) is torque control equipment of the compressor according to claim 5 
which includes further a change signal operation means (85) to function in order answer having reached 
predetermined velocity turbulence, to decrease or hold the amount of compensation by which an operation 
output is carried out from a compensation model operation means (86) and to maintain at predetermined 
velocity turbulence. 

[Claim 7] Torque control equipment of the compressor according to claim 5 or 6 which has established the 



compensation model operation VPns about two harmonic components ^Compression torque. 

[Claim 8] Torque control equipment of the compressor according to claim 5 or 6 which has established the 

compensation model operation means about one harmonic component of compression torque. 

[Claim 9] A compressor (3) is torque control equipment of a compressor given in any of claim 4 to claim 8 

which is a 1-cylinder compressor (3) they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In controlling the current or electrical potential difference given to a motor with an 
inverter, and driving a compressor by this motor, if it says further a detail about the torque control approach 
of a compressor, and its equipment, this invention relates to the approach for controlling the generating 
torque of a motor, and its equipment. 
[0002] 

[Description of the Prior Art] From the former, the thing of a rotary method is widely adopted as a 
compressor applied to the air conditioner of an inverter method. The compressor of this rotary method can 
attain a well head over a large operating range (rotational frequency range) while there are few components 
mark and they are low cost. 

[0003] Moreover, generally as a compressor of a rotary method, the thing of 1-cylinder structure and the 
thing of 2-cylinder structure are used. Among these, the thing of 2-cylinder structure reduces the 
compression torque fluctuation which causes the velocity turbulence used as the key factor of vibration with 
the device of machine structure, and is used for the sound of the exterior unit of an air conditioner, and the 
purpose which reduces vibration. However, since the compressor of 2-cylinder structure is structure with the 
rotary compressor of two 1-cylinder structures, a manufacturing cost becomes high and the leakage of 
compressed gas arises in each incorporated compressor, it has the problem that effectiveness will fall 
compared with the compressor of 1-cylinder structure. 

[0004] On the other hand, the rotation fluctuation caused by torque fluctuation arises, as a result the 
compressor of 1 -cylinder structure has the problem that a sound and vibration will become large. As a 
method which solves such a problem, as shown in JP,4-36000,B, the method (torque control means) which 
loses rotation fluctuation of a compressor and loses vibration of a compressor is proposed by controlling the 
motor which drives a compressor. 

[0005] Moreover, as a torque control method which paid its attention to the periodicity of a compressor load, 

as shown in JP,6-48916,B, the method which performs learning control is proposed. 

[0006] 

[Problem(s) to be Solved by the Invention] However, since a motor is controlled in order to bring the 
velocity turbulence of a compressor close to zero when the method shown in JP,4-36000,B is adopted, the 
peak value of a motor current will become large and the effectiveness in the motor section will fall. 
Depression of effectiveness becomes large by the low-speed area which does not have the velocity 
turbulence depressor effect by inertial force especially, and as shown in drawing 2020 , compressor overall 
efficiency (effectiveness x motor efficiency of = compressor mechanism section) will fall. 
[0007] Since it has gain high about the perimeter wave number component of a compressor load and 
generates to the motor torque corresponding to the small torque fluctuation more than the 3rd component 
when the method shown in JP,6-48916,B is adopted, it is remarkably difficult for a motor current to increase 
and to minimum-ize motor loss. 



[0008] W w 

[Objects of the Invention] While this invention is made in view of the above-mentioned trouble and reducing 
the sound of the compressor of a rotary method, and vibration, it aims at offering the torque control 
approach of the compressor for air conditioners which can control decline in compressor overall efficiency 
sharply, and its equipment. 
[0009] 

[Means for Solving the Problem] The torque control approach of the compressor of claim 1 for air 
conditioners is the approach of controlling the current or the electrical potential difference which gives with 
an inverter a motor, and driving the compressor of a rotary method for air conditioners by this motor, and is 
the approach of controlling to become within the limits of the biggest possible value within limits from 
which the rotational-speed fluctuation under main shaft 1 rotation of a compressor does not become a sound, 
and vibration does not become a problem practically that it should control below to a predetermined value 
about decline in effectiveness in the current or the electrical potential difference which gives a motor. 
[0010] The torque control approach of the compressor of claim 2 is the approach of controlling the current 
or electrical potential difference given to a motor so that decline in effectiveness becomes min. The torque 
control approach of the compressor of claim 3 is the approach of adopting a 1-cylinder compressor as a 
compressor. The torque control equipment of the compressor of claim 4 controls the current or electrical 
potential difference given to a motor with an inverter. It is equipment which drives the compressor for air 
conditioners of a rotary method by this motor. A torque control means to control the current or electrical 
potential difference given to a motor to become within the limits of the value biggest [ that decline in 
effectiveness should be controlled below to a predetermined value ] possible within limits from which the 
rotational-speed fluctuation under main shaft 1 rotation of a compressor does not become a sound, and 
vibration does not become a problem practically is included. 

[001 1] Proportionality and an integration operator means for the torque control equipment of the compressor 
of claim 5 to consider deflection of a detection rate and a rate command as an input as a torque control 
means, and to perform proportionality and an integration operator, A compensation model operation means 
to calculate the amount of compensation corresponding to this based on the model which expresses the 
predetermined harmonic component of compression torque by considering deflection of a detection rate and 
a rate command as an input, The thing including an addition means to add the output from proportionality 
and an integration operator means and the output from a compensation model operation means, and to 
output an electrical-potential-difference command is adopted. 

[0012] The torque control equipment of the compressor of claim 6 answered having reached predetermined 
velocity turbulence as a torque control means, and decreased or held the amount of compensation by which 
an operation output is carried out from a compensation model operation means, and what includes further a 
change signal operation means to function in order to maintain at predetermined velocity turbulence is used 
for it. The torque control equipment of the compressor of claim 7 establishes a compensation model 
operation means about two harmonic components of compression torque. 

[0013] The torque control equipment of the compressor of claim 8 establishes a compensation model 
operation means about one harmonic component of compression torque. The 1-cylinder compressor is used 
for the torque control equipment of the compressor of claim 9 as a compressor. 
[0014] 

[Function] If it is the torque control approach of the compressor of claim 1, the current or electrical potential 
difference given to a motor with an inverter will be controlled. In driving a compressor by this motor, the 
current or electrical potential difference given to a motor The rotational-speed fluctuation under main shaft 1 
rotation of a compressor that decline in effectiveness should be controlled below to a predetermined value A 
sound, Since it controls to become within the limits of the biggest possible value within limits from which 
vibration does not become a problem practically The peak value of a motor current can become large, it can 
control un-arranging [ that the effectiveness of a motor will fall ], and, moreover, the sound of a compressor 
and vibration can be carried out within limits which do not become a problem practically. By these 
Compressor overall efficiency can be raised over an operating range with a large high speed from a low 
speed, as a result the energy-saving effectiveness of an air conditioner can be raised sharply. 
[0015] Since the current or electrical potential difference given to a motor will be controlled so that decline 
in effectiveness becomes min if it is the torque control approach of the compressor of claim 2, in addition to 
an operation of claim 1, effectiveness can be made into max. If it is the torque control approach of the 
compressor of claim 3, as a compressor for air conditioners Although the rotation fluctuation caused by 



torque fluctuation will become l^fe as compared with the case where a 1^/linder compressor is adopted, as 
a result a sound and vibration will become large since a 1-cylinder compressor is adopted By being able to 
raise effectiveness and adopting the torque control approach of claim i or claim 2 The degradation of a 
motor can be controlled and, moreover, the sound of a 1-cylinder compressor and vibration can be carried 
out within limits which do not become a problem practically. By these Compressor overall efficiency can be 
raised over an operating range with a large high speed from a low speed, as a result the energy-saving 
effectiveness of an air conditioner can be raised sharply. 

[0016] If it is torque control equipment of the compressor of claim 4, the current or electrical potential 
difference given to a motor with an inverter will be controlled, and it will hit driving the compressor for air 
conditioners of a rotary method by this motor. With a torque control means The current or electrical 
potential difference given to a motor that decline in effectiveness should be controlled below to a 
predetermined value And since it controls to become within the limits of the biggest possible value within 
limits from which the rotational-speed fluctuation under main shaft 1 rotation of a compressor does not 
become a sound, and vibration does not become a problem practically The peak value of a motor current can 
become large, it can control un-arranging [ that the effectiveness of a motor will fall ], and, moreover, the 
sound of a compressor and vibration can be carried out within limits which do not become a problem 
practically. By these Compressor overall efficiency can be raised over an operating range with a large high 
speed from a low speed, as a result the energy-saving effectiveness of an air conditioner can be raised 
sharply. 

[0017] If it is torque control equipment of the compressor of claim 5, a torque control means Proportionality 
and an integration operator means to perform proportionality and an integration operator by considering 
deflection of a detection rate and a rate command as an input, A compensation model operation means to 
calculate the amount of compensation corresponding to this based on the model which expresses the 
predetermined harmonic component of compression torque by considering deflection of a detection rate and 
a rate command as an input, Since an addition means to add the output from proportionality and an 
integration operator means and the output from a compensation model operation means, and to output an 
electrical-potential-difference command is included, the same operation as claim 4 can be attained. 
[0018] If it is torque control equipment of the compressor of claim 6, since what includes further a change 
signal operation means to function in order answer having reached predetermined velocity turbulence as a 
torque control means, to decrease or hold the amount of compensation by which an operation output is 
carried out from a compensation model operation means and to maintain at predetermined velocity 
turbulence will be adopted, in addition to an operation of claim 5, it can hold to predetermined velocity 
turbulence. 

[0019] If it is torque control equipment of the compressor of claim 7, since the compensation model 
operation means was established about two harmonic components of compression torque, compensation 
precision can be raised, and also the same operation as claim 5 or claim 6 can be attained. If it is torque 
control equipment of the compressor of claim 8, since the compensation model operation means was 
established about one harmonic component of compression torque, a compensation model operation means 
can be simplified, and also the same operation as claim 5 or claim 6 can be attained. 
[0020] If it is torque control equipment of the compressor of claim 9, since the 1-cylinder compressor is 
adopted, it will compare with the case where a 2-cyIinder compressor is adopted, as a compressor. Although 
the rotation fluctuation caused by torque fluctuation will become large, as a result a sound and vibration will 
become large By being able to raise effectiveness and adopting the torque control equipment of claim 4 or 
claim 5 The degradation of a motor can be controlled and, moreover, the sound of a 1-cylinder compressor 
and vibration can be carried out within limits which do not become a problem practically. By these 
Compressor overall efficiency can be raised over an operating range with a large high speed from a low 
speed, as a result the energy-saving effectiveness of an air conditioner can be raised sharply. 
[0021] Furthermore, it explains to a detail. In building the compressor for air conditioners of the rotary 
method as an example of a compressor into an exterior unit, as shown in drawing 18 , since it is supported 
with elastic bodies (for example, rubber etc.) and refrigerant piping of a configuration which moreover gave 
the spring effectiveness connects with the heat exchanger, most part of vibration will usually be absorbed by 
an elastic body and refrigerant piping. And even if it does not carry out asymptotic [ of the velocity 
turbulence ] to zero so that clearly from drawing 19 which shows the change property over the rotational 
frequency of the exciting force of the shell plate of the exterior unit at the time of changing the velocity 
turbulence caused by compression torque fluctuation, it turns out that exciting force of the shell plate of an 



exterior unit can be made small^lugh. . 

[0022] This invention is made based on the aforementioned knowledge. Moreover, the biggest possible 
value can be experientially defined within limits from which a sound and vibration do not become a problem 
practically corresponding to the installation environment of an exterior unit. 
[0023] 

[The mode of implementation of invention] Hereafter, the mode of implementation of this invention is 
explained to a detail with reference to an accompanying drawing. The electrical diagram in which drawing 1 
shows one embodiment of the compressor drive control device with which the torque control approach of 
this invention is applied, drawing showing the control model corresponding to drawing 1 in drawing 2 , and 
drawing 3 are the block diagrams showing the microcomputer of drawing 1 in a detail. 
[0024] The inverter circuit 1 which changes DC power supply into three-phase-circuit AC power supply 
when this compressor drive control device performs switching based on the switch command given from the 
outside, The brushless DC motor 2 with which the three-phase-circuit AC power supply outputted from an 
inverter circuit 1 is supplied to the stator windings 2u, 2v, and 2w by which Y connection was carried out, 
The compressor 3 driven by rotator 2a of a brushless DC motor 2, The resistance 4u, 4v, and 4w by which Y 
connection was carried out so that it might become stator windings 2u, 2v, and 2w and juxtaposition, The 
differential amplifier 5 which obtains the difference electrical potential difference VNM of the neutral point 
electrical potential difference of stator windings 2u, 2v, and 2w, and the neutral point electrical potential 
difference of Resistance 4u, 4v, and 4w, The integrator 6 which integrates with the obtained difference 
electrical potential difference VNM, and outputs integral signal integralVNMdt, The zero cross comparator 
7 which outputs the position signal which detects the zero cross of integral signal integralVNMdt and shows 
the rotation location of rotator 2a, Processing required as an input is performed for a rate command, a 
velocity turbulence command, and a position signal, and it has the microcomputer 8 which supplies a switch 
command to an inverter circuit 1 through the base drive circuit 9. In addition, the position transducer 
consists of differential amplifier 5, an integrator 6, and a zero cross comparator 7. 
[0025] The control model corresponding to the compressor drive control device of drawing 1 The 
subtraction section 101 which computes the difference of a rate command and the rotational speed of a 
brushless DC motor 2 as shown in drawing 2 , The PI control section 102 which performs proportional 
control and integral control by considering the difference outputted from the subtraction section 101 as an 
input, and outputs a proportional control result and an integral control result, The velocity turbulence 
average operation part 103 which calculates average magnitude deltaomega of the velocity turbulence of N 
rotation (N is the natural number) by considering the difference outputted from the subtraction section 101 
as an input, Average magnitude deltaomega of the velocity turbulence outputted from the velocity 
turbulence average operation part 103 is considered as an input. The change section 104 which outputs 0 or 
1, and the multiplication section 105 which changes to the rotational speed of a brushless DC motor 2, 
carries out the multiplication of the output from the section 104, and outputs a multiplication result, The 
primary adjustable structure component compensation section 106 which performs primary component 
compensation by considering the multiplication result outputted from the multiplication section 105 as an 
input, and outputs a compensation value, The adder unit 107 which adds a proportional control result, an 
integral control result, and a compensation value, and outputs an electrical-potential-difference command, 
Amplifier 107' which compensates this by considering the electrical-potential-difference command outputted 
from an adder unit 107 as an input, The subtraction section 108 which computes and outputs a difference 
with partial Etau- which participates in torque part current generating among the output voltage outputted 
from amplifier 107', and a motor rate electromotive voltage, The voltage-current transfer function 109 of the 
motor which outputs a current by considering the difference outputted from the subtraction section 108 as an 
input (first order lag element decided by resistance of motor winding, and the inductance), The subtraction 
section 110 which computes and outputs the difference of the current outputted from the voltage-current 
transfer function 109 of a motor, and current itau- which expresses the torque error component 
accompanying not controlling directly the current wave form (a phase/amplitude) according to a rotator 
location equivalent, The current and the torque transfer function 111 of the motor which outputs motor 
torque by considering the difference outputted from the subtraction section 110 as an input, The subtraction 
section 112 which subtracts the motor torque and compressor load torque which are outputted from the 
current and the torque transfer function 1 1 1 of a motor, and outputs the compressor output torque, The 
compressor output torque outputted from the subtraction section 112 is considered as an input, and it has the 
torque and the rate transfer function 113 of the motor which outputs a rate. In addition, the brushless DC 



motor 2 consists of the subtractl^Psection 108, the voltage-current transWrfunction 109, the subtraction 
section 1 10, a current and a torque transfer function 111, the subtraction section 112, and torque and a rate 
transfer function 113. 

[0026] The period-measurement timer 81 which performs a stop, reset, and a restart by the interrupt 
processing 1 by said microcomputer 8 having received the position signal as shown in drawing 3 , The 
position signal period operation part 82 which calculates the period of a position signal by considering a 
timer value when the period-measurement timer 81 stops as an input, The rate operation part 83 which 
performs a rate operation by considering the period of the position signal outputted from the position signal 
period operation part 82 as an input, and computes and outputs a current rate, The deflection operation part 
84 which computes the difference of the rate command given from the outside, and the current rate outputted 
from the rate operation part 83, and is outputted as velocity turbulence, The change signal operation part 85 
which changes as an input the velocity turbulence command given from the velocity turbulence outputted 
from the deflection operation part 84, and the outside, and computes and outputs a signal, The primary 
component compensation model operation part 86 which calculates and outputs a primary component 
compensation model by considering as an input the change signal outputted from the velocity turbulence and 
the change signal operation part 85 which are outputted from the deflection operation part 84, The PI 
operation part 87 which performs PI operation by considering velocity turbulence outputted from the 
deflection operation part 84 as an input, and outputs the result of an operation, The adder 88 which adds the 
result of an operation outputted from the primary component compensation model and the PI operation part 
87 which are outputted from the primary component compensation model operation part 86, and is outputted 
as an electrical-potential-difference command, The timer value operation part 89 which calculates and 
outputs a timer value by considering as an input the amount command of phases given from the period and 
the outside of the position signal outputted from the position signal period operation part 82, The timer value 
outputted from the timer value operation part 89 is set, and it starts by the interrupt processing 1 by having 
received the position signal. The phase correction timer 90 which outputs a count exaggerated signal by 
performing the time check of the set timer value, The timer value outputted from the timer value operation 
part 89 is set, and it starts by the interrupt processing 2 by the count exaggerated signal outputted from the 
phase correction timer 90. The energization width-of-face controlling timer 91 which outputs a count 
exaggerated signal by performing the time check of the set timer value, The inverter mode selection section 
92 which reads and outputs an electrical-potential-difference pattern from memory 93 by the interrupt 
processing 3 by the count exaggerated signal outputted from interrupt processing 2 or the energization 
width-of-face controlling timer 91 by the count exaggerated signal outputted from the phase correction timer 
90, Pulse width modulation is performed by considering as an input the electrical-potential -difference 
pattern outputted from the electrical-potential-difference command and the inverter mode selection section 
92 which are outputted from an adder 88, and it has the PWM section 94 which outputs a switch signal. 
[0027] As for said primary component compensation model operation part 86, the gain about except a 
primary component compensates 0. Therefore, even if it uses velocity turbulence for the input of the primary 
component compensation model operation part 86, it is satisfactory in any way. That is, a rate command is 
fixed (direct current) at the time of a stationary, and even if, as for the primary component compensation 
model operation part 86, a direct current (or signal with which the output signal and frequency of a signal 
model differ from each other) is inputted, the output serves as zero. If it puts in another way, even if it uses 
velocity turbulence (= motor rate-rate command) as an input of the primary component compensation model 
operation part 86, the output of the primary component compensation model operation part 86 will be 
decided only at a motor rate. Therefore, there will be no effect in controllability ability. 
[0028] Drawing 4 to drawing 6 is a flow chart explaining processing of a microcomputer 8. In addition, 
drawing 5 explains interrupt processing 2 and drawing 6 explains [ drawing 4 ] interrupt processing 3 for 
interrupt processing 1, respectively. Processing of the flow chart of drawing 4 is performed whenever a 
position signal is received. In a step SP 1, from the amount command of phases, calculate the value of the 
phase correction timer 90 and it sets to a step SP 2. Set a phase correction timer value to the phase correction 
timer 90, and it sets to a step SP 3. Start the phase correction timer 90, make the period-measurement timer 
81 stop in a step SP 4, and it sets to a step SP 5. The value of the period-measurement timer 81 is read, the 
value of the period-measurement timer 81 is reset in a step SP 6, and the period-measurement timer 81 is 
started for the following period measurement. And in a step SP 7, calculate the period of a position signal 
and it sets to a step SP 8. From the result of an operation of the period of a position signal, calculate motor 
rotational speed and it sets to a step SP 9. Based on motor rotational speed and a rate command, calculate 



velocity turbulence, and it sets t^Pstep SP 10. Perform PI control to vel^Ky turbulence, calculate an 
average voltage swing command, and it sets to a step SP 1 1 . Calculate the average of the magnitude of 
velocity turbulence, change it based on the acquired average, output a signal, and it sets to a step SP 12. It 
changes to velocity turbulence and a compensation voltage swing is calculated based on a signal, in a step 
SP 13, a compensation voltage swing is added to an average voltage swing, this is outputted as an inverter 
electrical potential difference, and it returns to the original processing as it is. 

[0029] Processing of the flow chart of drawing 5 is performed whenever a count exaggerated signal is 
outputted from the phase correction timer 90. In a step SP 1, inverter mode is set to eye 1 step ** and a step 
SP 2. Output the electrical-potential-difference pattern corresponding to the advanced inverter mode, and it 
sets to a step SP 3. The timer value of an energization width-of-face controlling timer is calculated, in a step 
SP 4, a timer value {the timer value for =(energization angle -120) deg} is set to an energization 
width-of-face controlling timer, an energization width-of-face controlling timer is started in a step SP 5, and 
it returns from an energization width-of-face command to the original processing as it is. [0030] Processing 
of the flow chart of drawing 6 is performed whenever a count exaggerated signal is outputted from the 
energization width-of-face controlling timer 91. In a step SP 1, the electrical-potential-difference pattern 
corresponding to the inverter mode advanced in eye 1 step ** and a step SP 2 in inverter mode is outputted, 
and it returns to the original processing as it is. 

[0031] Drawing 7 is drawing showing the signal wave form of each part of the compressor drive control unit 
shown in drawing 1 and drawing 3 . when driving the compressor 3 with the brushless DC motor 2, as 
shown in (A) among drawing 7 , the difference electrical potential difference VNM is obtained, and as 
shown in (B) among drawing 7 , integral signal integralVNMdt obtains — having — drawing 7 — a position 
signal is acquired as shown in (C) R> 7 inside. 

[0032] It is the origin of the arrow head shown in ({ drawing 7 Naka (D which the phase correction timer 90 
starts as shown in D)) among drawing 7 by the interrupt processing 1 based on this position signal 
Reference} and a count exaggerated signal is outputted from the phase correction timer 90 — {— to every 
reference}, as shown in (E) among drawing 7 , the energization width-of-face controlling timer 91 starts the 
terminal point of the arrow head shown in (D) among drawing 7 — {-- the origin of the arrow head shown in 
(E) among drawing 7 — reference } . 

[0033] The terminal point of the arrow head shown in { drawing 7 Naka (D) to which a count exaggerated 
signal is outputted from the phase correction timer 90 Every reference} The terminal point of the arrow head 
shown in { drawing 7 Naka (E) to which a count exaggerated signal is outputted from the energization 
width-of-face controlling timer 91 and to every reference} As shown in (M) among drawing 7 , one step of 
inverter modes is advanced at a time. As shown in (K) among drawing 7 from (F) among drawing 7 , the 
on-off condition of the switching transistor 12ul of an inverter circuit 1, 12u2, 12vl, 12v2, 12wl, and 12w2 
is changed corresponding to inverter mode. Moreover, based on inverter output voltage as shown in (L) 
among drawing 7 , each switching transistor is chopper-controlled by the PWM control section. In addition, 
the broken line shown in (L) among drawing 7 is the output (average electrical potential difference) of the PI 
operation part 87, and the continuous line shown in (L) among drawing 7 is the output (compensation 
electrical potential difference) of the primary component compensation model operation part 86. 
[0034] Subsequently, the control model of drawing 2 is further explained to a detail. The transfer function 
Gm of the motor from torque to rotational speed (s) is as being shown in drawing 8 , and is given by Gm(s) 
=l/(Jm-s+Dm). In addition, in the moment of inertia of the compressor rotation section in which Jm contains 
a motor, coefficient of friction of the compressor rotation section in which Dm contains a motor, and taum, 
motor generating torque and tauL show compressor load torque (compression torque) here, respectively. 
[0035] Here, the compression torque wave of the compressor of 1 -cylinder structure turns into a repeat wave 
of one period by angle-of-rotation 1 rotation of the compressor rotation section, as shown in (A) among 
drawing 9 . Moreover, as the harmonic component contained in this compression torque is shown in (B) 
among drawing 9 , a dc component, a primary component, and a secondary component are large, and the 
high order component beyond it is decreased rapidly. Although the learning-control method shown in 
JP,6-48916,B as a torque control method which paid its attention to the periodicity of a compressor load is 
proposed, by this learning-control method, it has gain high about the perimeter wave number component of a 
load, and generates to the motor torque corresponding to the small torque fluctuation more than the 3rd 
component. In connection with this, a motor current will increase and it will become remarkably difficult to 
attain minimum-ization of motor loss. 

[0036] Here, the torque control machine which can give gain independently to each frequency component of 



the compression torque which iJ^Rturbance is considered with the appliHHfon of an internal model 
principle. The speed-control configuration of the conventional compressor is shown in drawing 10 . 
According to the internal model principle, a necessary and sufficient condition {to set a control output (rate 
in this case) to 0} is that the open-loop transfer function of a control system contains signal model B (s). 
[ which takes the output regulation to a disturbance input ] This signal model B (s) is constituted so that 
predetermined disturbance may be acquired as an output to an impulse input. 

[0037] As shown in drawing 12 , it is contained in the open-loop transfer function of the conventional 
control system of drawing 10 signal model B(s) =l-/s to step disturbance (dc component of compressor load 
torque). Therefore, it turns out that the control output by the average torque of a compressor load, i.e., a rate, 
is made to 0. Here, when the primary component contained in a compressor load is considered with 
reference to drawing 10 and drawing 12 , it turns out that the conditions of the output regulation according 
[ the conventional control system ] to an internal model principle are not fulfilled. The response of the 
conventional control system over a dc component and a primary component (a frequency is 20Hz) here The 
proportional gain KP of a PI control machine, The integral gain KI is chosen as KP=1.0 (A-s/rad) and 
KI=0.1 (A/rad), respectively. Moment-of-inertia Jm of a motor and coefficient of friction Dm, respectively 
Jm=0.001 (Nm-s2/rad), It is Dm=0.0001 (Nm-s/rad) and a simulation result when generating torque taum 
assumes that torque linearization control of KT=1.0 (Nm/A) is realized with the power converter for 
motorised is as being shown in drawing 13 . 

[0038] Although the rate based on it converges on 0 and {referring to the (A) in drawing 13 } and its effect 
are lost about the dc component of load torque so that clearly from the simulation result of drawing 13 , the 
velocity turbulence by the primary component cannot be controlled {refer to (B) in drawing 13 }. It is the 
gain for drawing 11 adding the disturbance model to a primary component to an open-loop transfer function, 
and kl making a control system stability, and adjusting the speed of response. 

[0039] The result of having simulated the response of the control system of drawing 11 to the dc component 
of compressor load torque and a primary component to drawing 14 , respectively is shown, clear from the 
simulation result of drawing 14 — as — a response equivalent to the conventional control system of drawing 

10 about the dc component of load torque — being shown -- {refer to the (A) in drawing 14 R> 4}, and the 
velocity turbulence moreover according to a primary component — 0 — converging {refer to the (B) in 
drawing 14 } — both the effects of disturbance can be eliminated. The same effectiveness can be acquired by 
adding a model also more than about the secondary disturbance component. According to the control system 
of drawing 11 R> 1, although the proportional element is performing stability reservation of a control 
system, and adjustment of the response time, you may realize in the combination of other elements (for 
example, an integral element, a derivative element). 

[0040] However, since the desired value of velocity turbulence is set to 0 with the control system of drawing 

11 , the trouble which the method shown in JP,4-36000,B has is not solvable at all. Then, as shown in 
drawing 2 , it changed to the control system of drawing 1 1 , and the section 104 was added. If average 
magnitude (mean velocity fluctuation) deltaomega of the velocity turbulence during compressor N rotation 
becomes below a predetermined value, while this change section 104 will set an output F to 0 and will set 
the input of the primary adjustable structure component compensation section 106 to 0 it becomes the 
transfer function with which an output decreases signal model (transfer function) B' (s) — as — B' ~ it 
changes into (s) =omegal/{(second+alpha) 2+omegal2}. Of course, when mean velocity fluctuation 
deltaomega is larger than a predetermined value, the change section 104 changes signal model B* (s) into 
B'(s) =omegal/(s2+omegal2) while it sets an output F to 1 and makes the input of the primary adjustable 
structure component compensation section 106 the rotational speed of a motor. Moreover, the hysteresis 
characteristic of suitable width of face is given to the change section 104 so that the frequency of a change 
may not be made [ many ] too much. Moreover, transfer function B* (s) is changed in an output F= 0, and the 
damping property is given for preventing that the amount of compensation of a primary component becomes 
high, and velocity turbulence becomes small beyond the need seemingly, when it continues outputting the 
AC signal with which the output of transfer function B' (s) is decided by the last quantity of state (initial 
value), for example, compressor load torque becomes small. 

[0041] Drawing 15 is drawing showing the simulation result of actuation of the control system of drawing 2 . 
In addition, among drawing 15 , (A) shows aging of mean velocity fluctuation deltaomega, and (B) shows 
aging of the magnitude of the output of the primary adjustable structure component compensation section 
106 among drawing 15 , respectively. Moreover, the case where b changes the case where a changed and the 
section 104 is formed, and the section 104 is not formed in (B) among (A) and drawing 15 among drawing 



15 is shown, respectively. 

[0042] As mentioned above, in order to suppress decline in the motor efficiency by the torque control "The 
controller with which the compensator corresponding to the periodicity of compressor load torque and each 
frequency component fitted minimum-ization of the motor current which perceived the internal model 
principle which can be derived easily and built", "When velocity turbulence reaches below a predetermined 
value, it is the 1st order (or). By what the input of the compensator more than corresponding to the 
secondary component is set to 0 in addition to it, the transfer characteristics of a compensator are further 
changed so that a damping property may be given to each compensator output of the period, and velocity 
turbulence is maintained for near the predetermined value" "Control which does not reduce velocity 
turbulence beyond the need (velocity turbulence is set as the predetermined value which is not zero), but 
maintains at the vibration level which does not have trouble in utilization as an air-conditioner system, and 
makes effectiveness of an air conditioner the max" of this invention most made into a summary is realizable. 
When the thing of 1 cylinder mode is especially adopted as a compressor, while being able to raise the 
effectiveness of the compressor itself, sufficient vibration-deadening effectiveness can be attained. 
Moreover, of course, the thing of 2 cylinder modes is employable as a compressor. 
[0043] Subsequently, the operation approach of transfer function B' (s) suitable for a microcomputer 
operation is explained. Here, the interruption time based on a position signal is called a sample point for 
convenience. Moreover, a control operation is performed for every sample point. First, in order to carry out 
digital processing, the model of the primary component shown in drawing 12 is discretized by 
z-transformation, and several 1 is obtained. 
[0044] 
[Equation 1] 

B' 1 (z) = z - s i n UlT)/{z z -2-z-cos (wlT) +1) 

Here, it is a control period, by the processor of drawing 6 , a control operation and an output are performed 
for every output of a location detector from drawing 3 , and T becomes T=2pi/(12, omega 1), when it is 4 
pole motor (inverter output frequency = twice of a motor rotational frequency). Therefore, several 1 is set to 
several 2. 
[0045] 
[Equation 2] 



However, since operation precision sufficient in order to lose degradation of controllability ability is needed 
including a product with a nonintegral term, with a cheap microcomputer which is used for an air 
conditioner, there is a problem that the operation time will become long and control will become difficult in 
several 2 molecule. 

[0046] Then, several 1 operation is performed for every 2 sample periods, and if simplification of operation 
expression is attained by setting gain Kl for response-time adjustment of control to Kl/z further, the amount 
ul of compensation (z) will be set to several 3. 
[0047] 
[Equation 3] 

ul (z) =K1 • z'' • B' 1 (z) 

= {0. 5Kl/(z 4 -z 2 +l) } Aoi (z> 

Moreover, a presumed operation is performed from the operation output in front of 1 sample and 3 samples, 
and, as for the amount ul of compensation between 2 samples which a primary component compensator 
output does not calculate (z), the amount of compensation is made to be outputted by several 4 smoothly 
(referring to drawing 16 and several 4 were drawn experiential ly). 
[0048] 
[Equation 4] 

ul (z) = (1-0. 5 • z *) - z- ul (z) 

Moreover, operation expression is set to several 5 in F= 0. 

[0049] 

[Equation 5] 



ul (z) =K 1 • - B* 1 (z) 
= {0. 5K1/ (z 4 - e --z 2 + t " 2 -> } A ^ (z) 

At this time, the constant which determines the earliness of attenuation of the amount of torque 
compensation becomes nonintegral, and a sum-of-products operation with this is needed. Although it 
produced un-arranging on an operation to define the earliness of attenuation correctly, in order to have 
controlled velocity turbulence near the desired value, operation precision was dropped (attenuation time of 
day cannot be adjusted to a precision), and the problem did not have **, either. 

[0050] It will be set to several 6, if it deforms, the above is arranged and the operation expression of a 

microcomputer describes it. In addition, k shows a sample point. 

[0051] 

[Equation 6] 

/ u 1 (k) =0. 5 • Kl - Ao> (k) +ul (k-2) 

-u 1 (k-4) 



F = 1 (D&f 



F = 0 CDB£ 



\ul (k) = u 1 (k-1) - 0. 5-ul <k-3) 
/ 

ul (k) = £- *ul (k-2) - * 2 " • u 1 (k-4) 

\ul (k) =ul (k-1) -0. 5-ul (k-3) 



The observation result of the relation between target velocity turbulence and compressor overall efficiency is 
shown in drawing 17 . In this compressor drive system, if velocity turbulence is set as about four to 6 (rpm) 
extent, it is compatible in the energy-saving effectiveness and the vibration-deadening effectiveness. 
[0052] 

[Effect of the Invention] The peak value of a motor current can become large, and invention of claim 1 can 
control un-arranging [ that the effectiveness of a motor will fall ], moreover, can carry out the sound of a 
compressor, and vibration within limits which do not become a problem practically, and raises compressor 
overall efficiency over an operating range with a large high speed by these from a low speed, as a result does 
so the characteristic effectiveness that the energy-saving effectiveness of an air conditioner can be raised 
sharply. 

[0053] In addition to the effectiveness of claim 1, invention of claim 2 does so the characteristic 
effectiveness that effectiveness can be made into max. It can control the degradation of a motor, and, 
moreover, invention of claim 3 can carry out the sound of a 1-cylinder compressor, and vibration within 
limits which do not become a problem practically, and raises compressor overall efficiency over an 
operating range with a large high speed by these from a low speed, as a result does so the characteristic 
effectiveness that the energy-saving effectiveness of an air conditioner can be raised sharply while it raises 
the effectiveness of a compressor. 

[0054] The peak value of a motor current can become large, and invention of claim 4 can control 
un-arranging [ that the effectiveness of a motor will fall ], moreover, can carry out the sound of a 
compressor, and vibration within limits which do not become a problem practically, and raises compressor 
overall efficiency over an operating range with a large high speed by these from a low speed, as a result does 
so the characteristic effectiveness that the energy-saving effectiveness of an air conditioner can be raised 
sharply. 

[0055] Invention of claim 5 does so the same effectiveness as claim 4. In addition to the effectiveness of 
claim 5, invention of claim 6 does so the characteristic effectiveness that it can hold to predetermined 
velocity turbulence. Invention of claim 7 can raise compensation precision, and also does so the same 
effectiveness as claim 5 or claim 6. 

[0056] Invention of claim 8 can simplify a compensation model operation means, and also does so the same 
effectiveness as claim 5 or claim 6. It can control the degradation of a motor, and, moreover, invention of 
claim 9 can carry out the sound of a 1-cylinder compressor, and vibration within limits which do not become 
a problem practically, and raises compressor overall efficiency over an operating range with a large high 
speed by these from a low speed, as a result does so the characteristic effectiveness that the energy-saving 
effectiveness of an air conditioner can be raised sharply while it raises the effectiveness of a compressor. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing II It is the electrical diagram showing one embodiment of the compressor drive control unit with 

which the torque control approach of this invention is applied. 

fDrawing 21 It is drawing showing the control model corresponding to drawing 1 . 

r Drawing 31 It is the block diagram showing the microcomputer of drawing 1 in a detail. 

[Drawing 41 It is a flow chart explaining interrupt processing 1. 

[Drawing 51 It is a flow chart explaining interrupt processing 2. 

[Drawing 61 It is a flow chart explaining interrupt processing 3. 

[Drawing 71 It is drawing showing the signal wave form of each part of the compressor drive control unit 
shown in drawing I and drawing 4 . 

[Drawing 81 It is drawing showing the transfer function of the motor from torque to rotational speed. 
[Drawing 91 It is drawing showing frequency distribution of the compression torque wave of a 1-cylinder 
compressor, and compression torque. 

[Drawing 101 It is the block diagram showing the conventional control system. 

[Drawing 1 II It is the block diagram showing the control system which added the primary component 
compensator to the control system of drawing 10 . 

[Drawing 121 It is drawing showing the wave of the dc component of compression torque, a primary 
component, and a secondary component, and a model. 

[Drawing 131 It is drawing showing the rate response to the disturbance of the control system of drawing 10 

[Drawing 141 It is drawing showing the rate response to the disturbance of the control system of drawing 11 

[Drawing 151 It is drawing explaining actuation of the control model of drawing 2 . 

[Drawing 161 It is drawing showing the timing and the compensation output of the amount operation of 

compensation. 

[Drawing 171 It is drawing showing an example of the relation between velocity turbulence and compressor 
overall efficiency. 

[Drawing 181 It is the schematic diagram showing the condition of having built the compressor for air 
conditioners into the exterior unit. 

[Drawing 191 It is drawing showing change of the exciting force of the exterior unit shell plate to a 
rotational frequency. 

[Drawing 201 It is drawing showing the relation of the rotational-speed fluctuation and compressor overall 

efficiency at the time of driving a 1-cylinder compressor by the conventional torque control. 

[Description of Notations] 

1 Inverter Circuit 2 Brushless DC Motor 

3 Compressor for Air Conditioners 4 Microcomputer 
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5©h;l>*fflffl§SB*8flrr*C4tcJ:!J. *-£©#) 30 
*«T*8HW 0 . L & 1 ^ 'J > *JEE»tt© tStt * 

&cfc>/c-?r]Si6, iy-t^Ttt^l^WtS©^^-*^^-^ 

[002 1 ] $ 6(c»«HCcSii!8-r 4. BEM«©-«i 1/ 
r©a-*if y-^©s«WB«fflffiffi«B. S*H»tc 
-?r. iisttt. mi 8t,c9jk-?£'? 

6, ^*»**^fc-ttA^«©»i«E*K:<fco't:j|teS» 40 

stcssttsnri**©^ jsft©*»JEco©ai5«-3&s5W4 

ft«Ee«c<fcr>r!RiK<*ft.&c&K:j5cS. fit, 

■&fc*B^{c*jw &swftzm«©J!iifls*©iaiBtt«:*r-r 
**K*ia3-ei5c<r*> > s^«©jhr©j»s**+» 

fo-hi*<r£-2>C4#s##>.2> . 
[002 2] C©jfe9itt. IIB©fclAtc£-3l>T&3ti 

«5Hrtrp«e«clR«J^*ft«tt. ^«©SK»iJS«:*t so 
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[002 3] 

[*W©SEj6©S8«] «T. mtwszitmLx. C© 

ffiw©n*©»a«r»ffl«c»iKrs. 0i«c©i6Bj© 
mia&jjt-resuattisL H2«iai jc*fj£-r*«K»* 

[00243 c<Djmmmmmm.mt. nm*****. 

YtetaShfcHjeT-fcfllZ u. 2 v. 2wKMSn5 
^7i/MDCt-i! 2 4. y7VUXDC*-^2(D 
[HK^2 alc£<omW>2tiZKMm3 4. Hi£HMl2 
u, 2v, 2wiM3»jKfc*«fc5fcY*Stt3ftfcJffiK4 
u. 4v, 4w4. ISfSf2u, 2v. 2w©4»fcfe 
*Sffi4tSJn4u, 4v, 4 vf<Dtp&.4mE.£<DgmE. 
VNM^ff ■5MttiiitIS5 4. f#6*i/cgmJEV NM4 

8t#or»*w8# j v nm d t ztotrrzmtme t . 

S#fs# J VNMd t ©Hz* P^PXSrtfcajbr [115^-2 
a ©lslfe{ig^^-r{ag<l#5:ai^-r 6-fe'U P X n > 

*A#4 0ri&g&*Hl*fTt». "<-x£gWi|RlS89£/)- 

.fctf-fe'P i>axa>^ u - £ 7 r&g^Uil^ti^L-c. 
[ o o 2 5 ] m i ©EfflwsibAiasiatc^f&rsiiMai 

^r^Hi, 02(c^-r<J:^(c, iSKfi^^^UXD 

c*"$2©infeaa < h©M*@Hi-r5^mgi5i o 1 

4. Mffggl 0 1^6W^i$4a6^A*4Lrl:b^*J 

m*a*-r^p i*iifflj§pi 0 2 4. j«»gi5i o i^6m 
*3neM^A*4u-cNini«E (Ntta«sa> ©ii^ 

1 0 3 4. iSS^KlT^fflSllfgP 1 o 3^e»a*3ti^ 
iI®^ib©¥^©A*3Aco^A^4 LT. 0$/c«l 
^t^OSiaSl 0 44, 
2©EWKa0t4«JDSAWl 0 4^e.©tii^4^#U 

-cmm&^mjr? &§mu 1054. ^#gp 105^ 

rffl«ffl^ffi^^-.s pj^«® l ^cfife^MHm 1 0 6 4, 

tb^fum^m. mftmw&Qis ^mmm^nm- or « 
ntg^^a^-r 6flDi?3R io74. ttissc i o 7 ^e>m 

10 7' 4. i9«S10 7* ^6l±J^7 3n6ttJ*mEE4 
*-£jlJKitamE©5*i. h^d»»«*«iCcB8^-r4 
gP»Er-4©^?:#tHl,riti^Ta«^g|51 0 8 4. 

a»»i 0 8*»6m*st»ass%A^4or. mm*m 



(5) 

7 

*©hk ■ m^BMmm (*-*&m<Di& 

£x. -0^f^>XT'«*^l^SilSS) 10 9£. 
t-^©lE • miteBM^l 0 9rt»6lB;&3ftS*i* 
£. leHg^-ffia{cj£Dyt«flE«^ <t4ffi/JS«) *ifi« 

■ntt*. T-i©g£iimi,Ttti;frr&^fitgn i o 

h^i?*a*r Fj^eawiEi i i 
<t, h^{stw$ti i i#>6ffi2>2n 

WhjL'^^m^j-rs^mgpi i 2 £. gytasi 1 2*6 

aifiSB 108. «i£ • nm&mmm. 109. 
as 1 10, mm. ■ vhz&mm 111. 1 1 2 

[0 0 2 6 ] fiiffEW3>8«. B3CC7jVrJ:5K: % & 

m^wmvx:mt>-r^m.mn^8 3 <t. ^sp*^*. 

{esaaiMi: 8 4 frh mt> 3 ft* mmgm*3 j: <o wz. 
m^mw 8 5 frh mt> 3 ft-s so 0 n;uf #* <t 0 
r 1 ^^«*^u*ja^Lra^-rs 1 ^aa»«« 

8 6£. <B£«*S5 8 4*»6Htfj3ft.5a[ 

& p 1 ?n#gis 87i, 1 'Amfrmm* ?)\>mmm 8 6* 
6m*sti* 1 xmfmm* j ffr*s&vp 1 in^ass 7 

t&mnmzz <t. {igft#«j«?s#gP8 2*6a^3 
ft & &gffi *t ©ma** <t tmsp* h% z. h ft z mmt% 40 

WHe v V 3ft. ffi«fl#**Wtf WfcC i €.fOjA 
«e<fcoT*$r- h 3ft. h3Wc3r-/7fi 
©ftB##*T=bft SCiCC<t*)*^>h *- til 
WititfflliEi-fvQOi. *>(vffiSi#SB8 9*6 
tfWj3ftS3»-rvffi*s-fe» h3ft. (4tBffliE^-Y-7 9 0 

*»6 3 ft-s > h x-^-mmc & zwl&qm. 

2CC«fcoT*£-h3ft. Hz? h3ft/c^^v{i©ftB# 

*tffeftsc£{cj:o*^> h^-^'-ft-^^m^-rs 50 
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mwmmz-t ?9 1 1. etuiiE^ -fv9 o*6tttf> 
3fts*^> v*-rt-m^&zm&fr%km2 */c« 

flW«W»*-f^9 1 *6m733ft&27-i>> h*-'*- 
m#(c«fc afdjA^a 3(cj:->r^*';93 *» 

2£. fln#S8 8frHtiiJ32tl2>nK.m&i5<i:Z?'0'* 
-Z*- FSWSP9 2*e>tH7J3ft^.miEE^-^->?rA 

PWMSP9 4£5:WUrt^„ 

[0 0 2 7 ] m IB 1 ffrffiXSli 86«, 1 

3cfl6»fiM1-Koc>r©**-f >* o ©fflM^f ^ *>©-e* 

«caa^tt*fflt»rfeHe.wH«a:i». -r^ft%. 
^^mn#(c»-^ (mm <t^^©t?*f). ^fci 

wMtjfmt mmk&gts; z>m^) ^xt> 3 ft-c . 

-€-©tli^««£^€.o ^STTfttf. 1 ^^HWt*^ 
S@g|58 6©A^J<tbr3lS^«j ( = *-^i£K-iia[ 

tg^) 1 ;&£#fi«* wn#SB8 6©m 

[oo28]04*e>@6 «v n > 8 ©ias^i^wr 

ft-eftttWL/Tl**. i4(07O-^t-h©»». 
fiBM^*»SW#W 6ft€,S^f ftft S„ Xf >7'SP 
Hcfc^-c. fetBS}§%J;«5{4tBliiE^'fv9 0©fS^ 
jH^b. XT-^^SP2(C*jt=>r. {4fflffliE3?-f v9 0 

T. fitStiiE^'r-7 9 0£X£- h31±. Xf^'SP 

^7*SP5ic*s^-C. SWS'JS^-Yv8 1 ©fii^r^ii 
z-Tvzfs P6ccte^r. ^WifiiJ^^-fvs i©ffl 
^n^hu yc©a«fiW3Eofc»«:a«!iwsg* v 8 

1 ZZZ- h3-a-6 0 fit. Xf ^ 7'SP7(Cfcl,» 

r. {4s<i-^©^«g^ll#b. xf y7'sP8K^ 

©u. xf 2-7 - sP9{cfc(,>t. *-^i§iiKasfcj;c>* 
affifs^tc*^t>Tjas^»&8«u xt-^-spi 

mmm^zmw-h. xf ^spi 1 tcfcu-c, jsk^ 
«j©a# 3 ©^p^fii^?!!© c . m e>ntc¥-$)micm^> 

Xty'O^Z.m i %%:\tit>V. Xr-v y'S P 1 2JC*sti-C. 

xt-7 7-sp 1 3cc*s<,>r. ^m^m^cmm. 

iE«IB4a»t/. Cft%^>^-ar«BEiorW* 

O. ^©$S7C©»14CMS = 

[0 0 2 9 ] |35©^P-^^- hOMi. (4tBffliE 
^Wv9 0*6*^> H^-^*-fi^*tti^J3ft.?>S(c 
tfftftS. Xf 7 - SP 1 {C*S^T. F 



(6) 
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sinsufflj^-rvic^-Yvfji {= mmm- 120) de 

[o 0 3 0 ] i6©7a-ft- kd&m&j. 
mm -7 9 1 h*-^-mm)Wt)2tiz>m 10 

[ 0 0 3 1 ] 0 7 »0 1 *$cfcO*0 3 CC^-JEIitMEMiflHj 

* (A) 4C^-rJ:^{cMm)EVNM*5f#6n. 07* 

( B ) JcijVr <fc ^fC»^ff # SVNMdt 0 
7* (C) «cstr«fc5«cflM#* 1 »&ft4. 20 

[0032] c (Dumm^cm^ < 8f&&«s 1 k j: »j 

07* (D) «cS*fJ:9fcffiffi**IE*-fv9 oas^- 
h-ra {07* (D) tc^-r*EP©itai±>&#M} o 

r. lataffliE^ -{-79 o&hU'O^ b*-'*-mmfiiii 
iiztiz {07* (d> icmrttwms&mk) m 
jc. 07* (E) (c^-r j; ^ tciamisi^uw ^ wv9 1*5 
^^-h-r-5{07*(E) {c^-r*EuoejS*# 

JRO . 

[0 03 3 ] &ffl*iIE£-/-79 0t&>6*^> 
{f^ai^Stl-S {07* (D) iCm*$fcEP©»j&*# 30 

^•-M^w^sti-s {07* (e) fc^f^En©^. 

£#flBJ 07* (M) tOjVTJ^K: -f>'*- 

-FrtU Xf-vJ-r-oM&hti. 07* (F) 2»607 

* (K) cc^j^jc-Y^-smsgiox-r >5^>^ 

h7>^^12ul, 12u2, 12vl, 12v 
2. 12wl, 12w2©t>-*^W-{>^-$ 
•fc- FCC^lEO-CWOm^n^,, SEfc. 07* (L) 

>^h7>^$(i, PWMftUffllgB-C^H ? ><mWZ*x 40 
■C^-So 16:48. 07* (L) kCmSfiX^^WSLifiP I 
8UMB8 7©H#J (¥^«EE) T*&<9. 07* (L) tc 

^stiTi^n^ i -xm^mm^^mn^s 6©m 

[0034] &l,vr. 02©^*^?: 3 *>tCS¥»C 

Gm ( s ) «08tc^ifci3-C*«3. Gm ( s ) = 1 
/(Ji' s + Dm) -C^^nj. CCt, J 

mtt*-**^tfBEti«Wa<KaJ©«tt*-->t>h. Dm 
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^b)li>, x LttJEttMftff h** (ffiHh-rt/f) 
[0035] cct, 1 -> > #«©E*§tg©iB§ h 

frfffl&lt. 0 9* (A) tC^-TJr^K. ffitittUltHS 
©Hlfxft l aKr l SJW©«0igOiSg^«:&*. */c. 
C©EihJ^K^itil,iW5}tt, 09* (B) 
fjkfjz'iic. W.WLf&ft. l^K5>. 2 < . 

*neui©i»^fifi»tt2&«K:iis«-r*. stmsm<om 
umizmmistcb A>t>pmim± oxmi^-e -4 8 9 

A > % . 3 2u£5HXh©^ $ fc h * * ^«rtc*tt£; b 
[0 03 6] CCX\ ^SLf fcSBEWhrt^O&HilBR 

wwstc-H^r. nu^f^mm^mmvxnxx^ 
iio wcmt<DKMWi<Dmm®\m%f8.z^-?. f*j 

^fcTVUB (s) ^tfCitJbS. COff-^^r^L-B 
( s ) tt-f >>WXA#K*fOWS©^**a#4 I't 

[ 0 0 3 7 ] 0 1 2 it^f <fc ^tc, ? ymi (Km 

wmffiv>\>z<owMim) K^t-rsft^^uB < S ) 

= l/slill 0©^*©$i»©-3«tG^MiSt{c^^ 

WWffi*. -r^45^Mg[«0ic-ct^c:i*^*^ o c 
ct?, ESi^?wic^*n^> 1 'Xj&frtc-o^xm 1 0 . 

012$:#Slbrfir*5i, t£3fc©8HJ®^«rtg^& 
^USafC J: S tiijj V =¥ a. b - 1; a > ©^fr i>mtc $ ti 

(iiie^[*52 0Hz) {c*f-r&f!e3t£©«iai»©jE&s*p 

I Wffl«©JtW*V >k p, m^^-f >K I ZZti^tl 
KP-l. 0<A-s/rad).KI=0. 1 (A/ 
rad) (Cjgtf. *-^©«tt*-^>h J m. ®^ 
IDm^n-ehJ m = 0. OOl (Nm-sVra 
d) . Dm=0. 0 00 1 (Nni's/rad)?* 

t=i. o (wm/h) (ovhzummmtpm&zin. 

TO>££{g^LfcJS^©V5^U-^3>;(£mW01 3 
[0 03 8] 01 3©>-5 ^ U-^>3 >Jg^<=>BJP>*i 

-^<iSK3&*o«:j|atto {0i 3* (a) #jts.} . -e©u 

»W«c < ft 5# . 1 ^fiS^tc <£ -S>aK^Sti«WSiJr-^ jS: 
l> {01 3* (B) #M) . 0 1 l»iawR»«c*M-4 
^SL*-r;b^-j«teaiH^tciI»0 0/c4>©-C*0, kl 
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[0 03 9] H14KEEtt«ftWh^*©iSaEfiS». 1 
^JS^CC*f-r^0 1 1 <Z>fWffl3fc©j£gF£-£ft-efti'5 * 
h L/dSmSr^l/Tt,*-*),, il40->5al/-i ^ a 
fcWfcJfcfc J: fiit \->\>9<DmMs8ftK.r> 
^Xitm 1 0©fi^©$iJtW^£|5jl£©]^«^l, {0 1 

4* (a) #m) . i^HS»«:«fc*assatt*» 

OCCJR^U {01 413 (B) #fg} . ftCCfl-a©^* 

Sflift r * x t > & . 2 'XVLtomif&ft «c o i, » t a- 
zmmTzctxmm<D$)}$k$:mz>c±&xzz 0 mi 
i (opmmxit, mwm<D&j£imm-pm&mm<Di®m 

[0040] Lfri>. mi i ©wa^©* g xitmmg. 
M<Dmnm&o <t&&©^. - 3 6 0 0 0-^ 

rWD#^.gpi 0 4*iijnt/c o c©woe^.spi 0 4 
£E«i«NiawBi©aa^«i©^eD^:» s (.w-^m 

sews 1 'XfSftimm 1 0 6 ©a#£ 0 tc-r & <t 1 
ic. (&mmm b* ( S ) 

•rseitMftK&^Jc^tc. B* (s)=ol/{(s 

+ 0) j + coi j } teaser*. <>^-5^ ^xmmstn 
«m^F 1 tc u pj^«js 1 ix^fflmgp 1 0 6 ©a 

(s)£B' (s) =o)l/ (s J + o> 1') (C^M-r 
■5o £fc. #)9#x.Sin 0 4tttt, ^9#3.©$RK£a 

fci±rt>£„ ifc. m^)F = o^c*5C^-t:e)iM^B• 
<s) ^tsLi^«ttWctTi,^©«. cans* 

B' ( s ) ©ttWKmr©^!® (flJJWfil) XVk$2>£. 
< & ofc»^«c«S*W± 1 #>&»©*i{Rg#ie< ft 

B' 1 ( z ) = z - s i n (»1T) 

ccr\ TmmmMx$)<o. mz-frhmGvymw&x 

2fg) ©ti^tttt. T = 2tc/ ( 1 2 • o 1 ) 
IU«ifc 2 

[0 045] 
[&2] 

B' 1 (z) =0. 5 • 1/ (z'-a'^i + l) 

te*6©5(Mt;*& < -r/c^jca+^^n^ffis^gi-r 
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[004 1 1015 till! 2 ©§i|fflJ^©tt^©^ 5 ^ U- 
f3>*g*£7jV$-0T*£. 01 5* (A) ifiW- 
^IgfiA»©gB$^t^, 0 1 5* <B) *JbISC« 

s 1 -'Xi&ftmmi 1 0 6 ©j±i^©A# soswawt*. 
fti-en*iri,^, s/c. 11 5* (a) . 01 5f 

b3ww«3**ai5i 04 %Kctttt>*i^* % -en-en 

10 T^L/Tl^. 

[0042]«±©J;^(C, I- JVZfttffllCj: 

4rt»*^HS01K:#ISU. «SIUfc-*-**ME©«/jN 

fc^ic 1 & ( i> l < t*. entcjn^r 2^«±©) wot 
{c»j£-rs««as©A^%otiy. ^ e.tc. ^©jgpj© 

**tt*£MU iiJS^Ift^m^fiiffl^ic^Oj cite J; 

20 «3. c©«Bjcr)SfeggiT-s r^tLh©as^»i© 

tc«%. SJMWP«©«i*%ib«c{cr*Wfflij 4H5|-r 

^c<t*5-c^s„ ^cc, mmthx i->y >^^sc© 

<>©*»fflLA;»^«:B. BEtt«a*©S»**fiI±3H* 

i*5-c^5„ $/c> ffiffl«iur2i'y>y^n«©t>© 

[0043] v-f 3>?H»CjiL/d3i«l& 

30 b* ( s ) <Dmn-t>m*m.w-tz>. ccx\ m. 

fc, *Ufflj?n#{i-y>>'*;k-sscctfnn-5 <> 5feT. 5*5?* 
^toffl-r ztahuz, m 1 2 itTjvr 1 ^jss^-©*^* z 

[0044] 

[»i ] 

/{z*-2«z-cos («1T) +1) 

40 [oo46]ec-r> 2-y->7Vi-^^c^i©j|i#4 
Ki/zi« c txwm&XDffimitzmtui, mmm 

u 1 (z ) tt»3t<ic4. 
[0047] 
[143] 

u 1 (z) =K1 • z"' - B* 1 (z) 
= {0. 5K1/ (z'-z'+l) } A w (z) 

50 ©fflttSu 1 (z) «. »4(C«fc>7 l-V->7>i<m. 3 if 
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[0048] 
[&4] 

ul (z) = (1-0. 5 • z 1 ) - z- ul (z) 

[0 04 9] 
[»5] 

ul (z) =K1 • z"' • B* 1 (z) 

= {0. 5K1/ (z'- £ --z J +«- J ") ) A<o (z) 
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mitts:*) . cft£©»fn*fi##!#g&c&&„ iEMKcas 

[0 0 5 0] eLL*3E#, 7-/3>oiII^(C 

10 [005 1 ] 
UR6] 



F = 1 £DB# 



F = 0 CDB$ 



/ ul (k) =0. 5-KI-Ab (k) + u 1 (k-2) 
-ul (k-4) 

\ul (k) =ul (k-1) -0. 5-ul (k-3) 

/ 

u 1 (k) = t • • u 1 (k-2) -c • u 1 (k-4) 
^ ul (k) =ul (k-1) -0. 5-ul (k-3) 



1^)4-6 (rpm) *IK«:iS5£Ttttt\ ^x^l^-aft 
*i$IJ^mi ^WaZT -5 C <t #-C£ 
[0052] 

[»W©aMi] atJ&B 1 ©IHBtt. *-£HSiS©t-^ 

zmm±mmic & e> & i >t5ffli*} &c-r & t £ s> c n 

6icJ:0. IB§8M>g^#J^£<£»#» 6 i®i$©J2;t, >Sf£l5 
Htctofc -o rie#\ en >t tt^»SPuf£©#:c. * 

A"HS tcrfij± 3 •& S C £ *5-C # & £ c > -5 ^ W©^ 

[0053] is^a 2 ©who:. i ©^mcc^ra 

A. 3^£^tCT&C£*^e£&£tO#W©^m ; S: 

*-*©a&wF*wi«iu u*>i> i ->v >#je 

£#r£. ctt^fcj;*). imsumn 

[0 0 54] 1**314 ©#6BJ§«, *-$*ifc©t:-irffl[ 



[0055] »*S5©»WB. 11*^4 <bfttt©*ft« 

jJr5£©aflSB*K:«#-r -5 Ci*«r*Si^ 5#W©?A 
f^^TS. »*J17©«i«B. SHRWKftWabSCi 

*»-c# *a*». 5 * feint** 6 £ rhk©*m« 
30 *-r&„ 

[0056] ffi&g 8 ©36l»tt. JHK-tf^l/iR**®* 
flHMbr**«J&^ ff#^5$fe»W*S6 £|!3«I©$J 

gkzm-rz. »*3i9©«i«tt. ffi»«©«**js*4 

6i«jt©jA(,>SiEffiB{c*>/coTii3at>, i^Ttt^ng 
w»©*j.** ! * f -s»**^«{ci^±s-ttsci39»-e* 
4 £ t> 5 *m©a&**irr 

40 [0ffl©®W«ci^W] 

[an c©«i«©h^^»wp*j**«afflsnsBB« 
[H2 ] si tc^ie-rsflsiffli^^i/^^TigT?**. 

[03] 0 l©Wn>£!¥$fflCCSrr:7'a ? ^0T* 
[04] M&»«ai &®W?Z7a-* + -h-C$> 

So 

[05 ] «ii*«ia2*siwrs7o-?- + - h-r* 

£o 

so [06 ] m&?>mw3&mnirz>7u-?- + - 
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[08] Y>\>?frh®^mt^&*~z<D&mm*: 

[09] 1 > U > *TO*£©)II§ h >V ^jg^tecfc OTEIS 

[010] ^©*u»^^-r^p v ?m-e*>z>, 
[0 i i ] 0 i o<Dnmmm it i »&fi{R3§£w 

[01 2 ] jmh^©ii:ijfy&3\ i»»\ 22u&» 

[0 1 3 ] 0 1 0©*U®S©?fSL(c>ft-r^jiai£^*^ 

-r0T£>£ o 

[0 i 4 ] 0 i i mmm<Dmum-?z>mfgs&g*m 
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* [015] m2mm*7*<DM{tt®m-fz>m-c$> 
[0i6] m®.m:mn<D% << s is?tm<mt>t*^? 
[017] jia^ttiEffits^sjsi^ioiw^-^* 

[018] ^«iifD^fflJIffi^*S54«itCffl^iAA/ct^ 

^=&/WttB§0r*e„ 

[019] ®&mictt-?z>m9\-mm<Dmmt)(Dmtz 

io ^-r0-e&£„ 

[020] fie*© h )v-5>w$itic£~>x i ^> y >^smm 

3 ^iSffi^ffiE^m 4 W3> 



[0 1 ] 



1 sfzs;<—9m'& 



12ul 



12vl 



12wl / 

i-*.: , *i i -j. 
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